The accuracies of the MicroScan Pos ID and Rapid Pos ID panel systems (Baxter Diagnostic Inc., MicroScan Division, West Sacramento, Calif.) were compared with each other and with the accuracies of conventional methods for the identification of 25 Staphylococcus species and 4 subspecies. Conventional methods included those used in the original descriptions of species and subspecies and DNA-DNA hybridization. The identification of Staphylococcus species and subspecies in the clinical laboratory has been facilitated greatly by the availability of rapid and miniaturized kit identification systems, some of which may be processed and interpreted by automated instrumentation combined with the latest computer technology (16, 21). Species and subspecies identification can provide important information to predict clinical significance and guide etiological diagnosis and the management of infections, and when combined with strain identification, it can be useful for epidemiological studies (11, 20, 21 base from previously characterized reference and collection strains.
The identification of Staphylococcus species and subspecies in the clinical laboratory has been facilitated greatly by the availability of rapid and miniaturized kit identification systems, some of which may be processed and interpreted by automated instrumentation combined with the latest computer technology (16, 21) . Species and subspecies identification can provide important information to predict clinical significance and guide etiological diagnosis and the management of infections, and when combined with strain identification, it can be useful for epidemiological studies (11, 20, 21) . MicroScan (Baxter Diagnostic Inc., MicroScan Division, West Sacramento, Calif.) markets MicroScan Pos Combo Type 6 and Pos ID panels that can be read manually with the MicroScan Microdilution Viewer or on MicroScan instrumentation and Rapid Pos Combo Type 1 and Rapid Pos ID panels that are processed and read by the MicroScan autoSCAN-W/A automated microbial identification system for the identification of Staphylococcus species as well as some other gram-positive bacteria. The conventional dried MicroScan panels (Pos Combo Type 5 and Pos ID) have been evaluated by several groups (2a, 7a, 8, 13) . In those studies, the staphylococcal species tested included S. epidermidis, S. capitis, S. warneri, S. haemolyticus, S. hominis, S. saprophyticus, S. cohnii, S. xylosus, S. simulans, and S. sciuri. A preliminary evaluation of the MicroScan Rapid Pos ID panel with autoSCAN-W/A was conducted with a wider range of species (Sa). The present study was undertaken to evaluate the accuracies of the MicroScan Pos ID and Rapid Pos ID panel systems for the identification of 25 different Staphylococcus species and to provide a large data * Corresponding author.
base from previously characterized reference and collection strains.
MATERIALS AND METHODS
Bacterial cultures. A total of 920 strains were tested and included the following Staphylococcus species and subspecies and the number of isolates tested: S. epidermidis, 152; S. capitis subsp. capitis (human), 53; S. capitis subsp. ureolyticus (primate), 17; S. caprae, 11; S. warneri subsp. 1 (human), 45; S. warneri subsp. 2 (nonhuman primate), 10; S. hominis, 149; S. haemolyticus subsp. 1 (human), 66; S. haemolyticus subsp. 2 (nonhuman primate), 5; S. lugdunensis, 24; S. aureus, 58; S. auricularis, 22; S. saprophyticus, 50; S. cohnii subsp. cohnii (human), 27; S. cohnii subsp. urealyticum (primate), 24; S. xylosus, 32; S. arlettae, 4; S. equorum, 9; S. kloosii, 19; S. gallinarum, 7; S. simulans, 30; S. carnosus, 5; S. intermedius, 30; S. schleiferi, 4; S. hyicus, 22; S. chromogenes, 19; S. caseolyticus, 2; S. lentus, 3; S. sciuri, 21. These strains were taken from (i) national collections and/or those strains used in the original descriptions of species and subspecies (1, 3-7, 12, 14, 17-19, 22-26) , (ii) clinical specimens, (iii) skin of healthy human volunteers and animals, and (iv) skin of patients receiving antibiotic therapy (9, 10 CV MS NIT NOV PGR IDX VP OPT PHO BE PYR ARG PGT URE RAF LAC TRE MNS   S. epidermidis  152  0 100 75  0  1  9 82 100 82  0  0  64  80  93  5  79  3  2  S. capitis subsp.  53  2 94 96  0  0  0 96 100  2  0  0 100  0  0  0  0  0 81  capitis  S. capitis subsp.  17  0 100 100  0  0  0 100 100  0  0  0 100  24  94  0  29  0 88  ureolyticus  S. caprae  11  0 100 100  0  0  9 100 100 100  0 73 100  91  73  0  54  9 45  S. warneri subsp. 1  45  2 100 84  0  80 42 78 98  11  0  9  89  42  91  0  22  91  9  S. warneri subsp. 2  10  0 100 100  0 100 70 90 100  0  0 50  70  60 100  0  40  90 40  S. hominis  149  2 97 84  2  0  7 32 99  3  0  5  1 cation. Species are listed in order of the highest probability up to a cumulative total of 99.9%.
RESULTS
The MicroScan Pos ID panel test results are given in Table  1 . S. epidermidis, S. capitis, S. hominis, S. haemolyticus subsp. 1, S. aureus, S. auricularis, S. saprophyticus, S. cohnii subsp. cohnii, S. arlettae, S. equorum, S. kloosii, S. carnosus, S. intermedius, S. hyicus, S. lentus, and S. sciuri could be distinguished clearly from each other and other Staphylococcus species on the basis of two or more key characters or tests. Most strains of S. caprae could be distinguished from S. epidermidis by their pyrrolidonase activities. S. warneri shared many test results with S. simulans and could be occasionally confused with this species. S. haemolyticus subsp. 2, which was isolated from nonhuman primates, shared many test results with S. warneri subsp. 2, which was also isolated from nonhuman primates, and could often be confused with this subspecies. S. haemolyticus subsp. 2 could be distinguished from most strains of S. simulans by its pyrrolidonase activity. Many strains of S. lugdunensis could be distinguished from S. haemolyticus by their acid formation from mannose and lack of arginine dehydrolization. S. cohnii subsp. urealyticum could be distinguished from most strains of S. xylosus and S. gallinarum by its lack of indoxyl phosphatase activity and from S. saprophyticus by its ,-D-glucuronidase activity. S. gallinarum could be distinguished from most strains of S. xylosus by its esculin hydrolysis. S. schleiferi could be distinguished from most strains of S. aureus by its lack of acid formation from lactose. Most strains of S. hyicus could be distinguished from S. chromogenes by their P-D-glucuronidase activities. S. capitis subsp. ureolyticus could be distinguished from S. capitis subsp. capitis by its urease activity. S. cohnii subsp. urealyticum could be distinguished from S. cohnii subsp. cohnii by its urease activity and acid formation from lactose. In general, subspecies isolated only from human hosts (1, 18, 19) had fewer strains that demonstrated a positive test than did their counterparts isolated from a variety of primate hosts.
The MicroScan Rapid Pos ID panel test results are given in Table 2 . With the exceptions of S. lugdunensis, S. gallinarum, and S. chromogenes, species could be distinguished readily on the basis of two or more key tests by this system. S. lugdunensis could be distinguished from most strains of S. haemolyticus by its lack of L-citrulline arylpeptidase activity. It could often be distinguished from S. chromogenes on the basis of L-pyroglutamic acid arylpeptidase activity and lack of acid-neutral phosphatase activity. simulans at a probability of identification of .85% (T, 97%).
The MicroScan systems identified a lower percentage (50 to 75%) of strains of S. lugdunensis, S. gallinarum, S. schleiferi, and S. chromogenes at a probability of identification of >85% (x, 98%).
DISCUSSION
The MicroScan Pos ID and Rapid Pos ID panel systems provided a rapid and accurate method for identifying many of the Staphylococcus species examined in this study. The most commonly isolated human pathogenic species, e.g., S. aureus, S. epidermidis, and S. saprophyticus, were identified at .90% accuracy by the Rapid Pos ID panel system; S. epidermidis was identified at somewhat less accuracy (82%) by the Pos ID panel system. The major veterinary species, e.g., S. aureus, S. intermedius, and S. hyicus, were identified at .86% accuracy by the Rapid Pos ID panel system, and S. hyicus was identified at only slightly less accuracy (82%) by the Pos ID panel system. For the few species and subspecies represented by fewer than 10 strains, results should be considered preliminary. In the present evaluation, a comparison of the MicroScan systems was made with the recognized conventional methods (11, 15, 16 ) that were compared with results of DNA-DNA hybridization and other molecular analyses; however, although these methods are very accurate and often quoted as standard, they are not without slight error. Furthermore, several of the MicroScan enzyme tests, including a-D-galactosidase, a-D-glucosidase, and some of the arylpeptidases, might be considered as new taxonomic characters for identifying species of staphylococci. In addition to identifying species, the MicroScan systems have the ability to recognize subspecies of S. capitis and S. cohnii, although the data base does not recognize subspecies designations. For those species identified with a low to moderate accuracy, additional tests could be implemented to increase the accuracy significantly. For example, S. lugdunensis demonstrates high ornithine decarboxylase activity (5). S. gallinarum can be distinguished from S. xylosus and S. equorum by its acid production from raffinose by using a more sensitive or conventional carbohydrate plate test (4, 13) and from S. equorum by its larger colony size and growth at 37°C (24) . S. schleiferi can be distinguished from S. aureus by its lack of acid formation from maltose and sucrose and from S. chromogenes by its clumping factor and heat-stable nuclease activity and negative urease activity (5) . The urease test in the MicroScan Rapid Pos ID panel does not appear to be as sensitive or discriminating as the test in the Pos ID panel is. Some of the results of certain biochemical tests (e.g., urease, ,B-D-galactosidase, and acid production from several of the carbohydrates) were different from those obtained by conventional methods or other commercial rapid identification systems. These discrepancies may be due, in part, to differences in incubation time, the nature of the substrate-conjugate complex, substrate concentration, indicator sensitivity, or all of the above. Most of the enzymes assayed are inducible; short incubation of the Rapid Pos ID systems may not allow the de novo synthesis and/or expression of these enzymes. Such discrepancies have been accounted for in the probability matrix and, therefore, do not account for the majority of identification errors.
